Introduction
It is known [1, 2] that arom atic side-chains in proteins pair with preferred centroid separations of 3 .4 -6 .5 Ä. The rings in pairs are oriented nearly perpendicularly to each other (edge-to-face orien tation). This orientation is caused by the inter action of positively polarized hydrogen atom s of one ring with the 7r-electron cloud o f the other. Such a spatial arrangem ent of the arom atic rings appears also in the crystals of such com pounds of low m olecular weight as N-phenyl-acetyl-L-phenylalanine [3] and L-phenylalanine benzyl ester monochloride [4] , as well as in crystals of L-phenylalanyl-glycyl-glycyl-D-phenylalanine tri hydrate [5] . The edge-to-face arom atic ring inter action involving the Tyr-228 residue of Chymo trypsin was found in the complex o f this enzyme with its inactivator 5-benzyl-6-chloro-2-pyrone [6] . In the crystals of pressinoic acid (the cyclic moiety of vasopressin) the planes of Tyr-2 and Phe-3 aro matic rings are inclined to each other by 72° and their geometric centers are separated by 4.78 Ä [7] , The similar effect was observed by N M R spectro scopy for d6-DM SO solution of som atostatin (the interaction between Phe-6 and Phe-11 residues) [8] , On the basis o f our experiments with "azo-enkephalin" (an enkephalin analogue in which Tyr-1 and Phe-4 residues were linked by the azo-bridge) we postulated existence of the similar orientation of arom atic rings in the biologically active confor m ation of enkephalin [9] . In fact, a quasi-orthogonal contact of these residues was found recently Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0932-0776/90/0900-1324/$ 01.00/0 in the crystals of leucine-enkephalin trihydrate [ 10] .
In the last time the similar effects were found by us also in the case of cyclolinopeptide A (CLA). CLA is a cyclic nonapeptide isolated in 1959 from linseed oil [11] . It possesses the sequence:
In 1977 we found [12] that there is a cw-amide bond between P ro 1 and Pro2 residues. This finding was recently confirmed by X-ray studies [13, 14] and also be N M R measurements [15] .
Results and Discussion
In the region of arom atic proton signals of !H NM R spectrum of CLA in d6-DM SO (see Fig. 1 ) there is a broad multiplet at 7.11 -7 .3 0 ppm and a resonance connected with two protons shifted to higher field values (6.885 ppm). It can correspond to the resonance of H-2,6 or H-3,5 atom s of one aromatic ring. The similar picture is seen also in C D 3OD solution (Fig. 1) ; the high-field shift of the discussed resonance is, however, lower here than in DMSO. The signal appears at 7.13 ppm as a well resolved doublet with the V 2,3 coupling con stant of 7.13 Hz. The broad multiplet occupies the region between 7.21-7.30 ppm. The distance of the doublet from the low-field limit of the m ulti plet is 0.17 ppm, whereas for DM SO it was equal to 0.415 ppm. The doublet-structure of the highfield signal allows to identify it as the resonance of H-2,6 atoms. There is no doubt that the observed effect re sults from the ring-current shielding, exerted by one arom atic ring on the other. The effect dimin ishes upon transition from DM SO to C D 3OD so lution.
The similar picture may be seen in 13C N M R spectra of CLA. The carbon atom s of both aro matic rings differ slightly in their chemical shifts and give two sets of resonances. The resonances were assigned using the data compiled in [16] , as well as using 2D carbon-proton shifts correla tions. The data are summarized in Table I . The greatest chemical shift difference AS was observed for C-2,6 atom s o f both rings (0.4 ppm in C D 3OD solution). It suggests that the shielding of one ring by the other influences mainly these positions of the arom atic ring. It is known that the absolute magnitude of the ring-current effect is the same for 13C as for 'H nucleus, if they occupy the same posi tions in space relative to the arom atic 7r-electron cloud [17, 18] , The effects observed by us in 13C and 'H N M R spectra are really comparable in their magnitudes.
2D carbon-proton shift correlation (Fig. 2) per formed for d6-DM SO solution, enables the identi- fication of the positions of aromatic hydrogen re sonances of both Phe residues. They are as follows:
H-2,6 7.185 and 6.885, shift difference 0.30 ppm H-3,5 7.27 and 7.14, shift difference 0.13 ppm H-4 7.20 and 7.15, shift difference 0.05 ppm.
It is very interesting that the chemical shift dif ference diminishes regularly on going from H-2,6 to H-4. Thus, the shielding effect is the greatest for 2,6-positions o f the ring. It is lowered for 3,5-posi tions, and is minimal for the 4-position. It gives some orientation about the m utual spatial arrangement of both arom atic rings. It must be noted, however, that so such regularity was ob served in the 13C N M R spectrum.
The presented observations enable to make the following conclusions: Both arom atic rings (Phe-3 and Phe-4 side chains) appear on the same side of the peptide ring plane. The free rotation of aro matic side chains is limited, probably because of the steric hindrance exerted by other (aliphatic) side chains o f the peptide. It suggests that phenyl alanine rings contact the aliphatic side chains of other am ino acid residues, which are present in the peptide.
The edge-to-face interaction of Phe residues in CLA results from the cyclic structure of the peptide. No similar effect was observed in the 'H N M R spectrum of linear peptide: H -L e u -Ile -Ile -L e u -V a l-P ro -P ro -P h e -P h e -O H . All arom atic hydrogen atom resonances are local ized in this case between 7.14-7.25 ppm and no high-field shifted com ponent can be observed in the spectrum.
Experimental
The linear nonapeptide H -L e u -Ile -Ile -L e u -V a l-P ro -P ro -P h e -P h e -O H was synthesized by solid-phase m ethod using Merrifield's resin. The product was split from the resin by the mixture of trifluoroacetic acid and sulphur ic acid and cyclized with C astro's reagent [19] . Cyclic nonapeptide was purified by washing in ethyl acetate with 1 N N aO H and 1 N HC1 and water, and then by preparative HPLC. Its physico chemical data were in accord with [20] .
N M R measurements were performed with Bruker spectrometer, operating with the frequences of 500 M Hz ('H NM R) and 125 M Hz (13C NM R). The measurements were perform ed at room temp.; 5% solutions of the peptides in proper solvents were used. The data are expressed in TMS scale.
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